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The investigation covered in this report ir/as conducted with the 
■f'all in ^-Carriage I'opoated Tension Inpact T.kohine at the Guggenhein 
Aeronautical laboratory, CaliforJia Institute of Toc}'inolo~y, Pasadem, 
Califoi*’Tin. 

Trventy-oiglit aluninurn alloy tost speciiaons wore subjected to 
a total of 7,834 i pacts in tlio GALCTT Falling-Carriage Kopeated 
rension Inpact 'iaohir.e. Since the average nunber of i pacts per 
specinon ms about 230 it is believed that 'his investi.'p.tion oovorod 
a re'ino (Jiffe’-ent fron other investigaf ccis mde with this oquip'icnt. 

The effoct of elapsed tine between scries of inpacts was not 
ostablishe."'. The results obte.' ned were contradictoiy , and it is 
believed that t ris was due to the eneriy oer ir^ract being variable 
and unknorm. 

It is established ti’at the geometry of the weigiit used ii this 
t^' re of test has sone Ir.riuenco upon the clou oit ion pro 'ucod* 

It is chcr.n tint 17' -'^ 'uralunin ‘.s relr tivoly sensitive to 
stre s CO" ccfiti'a. i J.13 cause ^ vj drougo in crovb-soof.on and straiii 
mvc r^-rioct^ fTi, and relatively insensi'^ivo to stress co’icc 'cratiofs 



■Xe to s^ll scribe mrl: 
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Bvidonoe is prosentcd to' indicsate that the elongation at fracttare 
of a specirKsi subjected to repeated tension impact is inversely 
proportional to tlio number of Impacts required to produce fracture, 
Sugfestiorx! are offered for improving the test equipment so as 
to obtain more nearly consistent results. 






r^TT^O .AUCTION 

Prcrrious irv.Gtig;atlor.3 mde with the Fallin.^^Carriaco Tension 
Inpact Yachiro liave shown the possibility tlmt the gooaotry of the 
vroi ^t attached to the epocincn niglit have sorno effect upon the elonoa* 
tion produced and the onerry absorbed by the specimen. This ti;ourJit 
was especially brou^t about by tho fact that tho authors of refer- 
enoo 5 had, in cno group of specimens, obtairod a mine of ’'K** gr<^ater 
ti-on unity, indicating that the encr y absorbed by the spocinon ms 
gi'oat* r "'l)an the ener';y avnilablo. It ms '^>oliovod that stress 
yxivec reflected from the end of the weight might have caused tliis 
nhenooenon. "nierefore, it ms decided to to.-t scv'oral spoclne;is 
using wo.'fj]\ts of the sa lo mss, o<it differing hy a large ano^L t in 
lajgth. 

'Tio r Its of the above pliasc of tho project were ?ok con- 
clusi/o and th -o viao conoidoi’CLhlc evido 'ce to indicia go t'r.t tlie 
interval of tine herder seri s of innaots night ha^o }md a 
i'cfluorce on the els ga * on .)rolU''ed in the soeomen. It vjas, 
fore, ^ocJdod to a series of tests to deterni^ic \7^icthcr or ->ot 

ti e the indict^ked effects. The res' Its of the first 

tests app arc.! to show t^nt the tirio itatvi^val botr/orn oacli series 
of sixty impacts a vonr rked effect upon tho elon;^^fc5,on per 
impact. L' ^rder io mice certain of this aomrent effect, the toots 
m *’0 »: Tn another series of spocrvDns. T .is seoord series 

co*Tplctely to siibstaritiate the r€snlts of t}ji. first series. 
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to osplftx'^ tlio o-bov© discrepojicy it wxs doduot©d 
that the speed of fall of the carriage fiad not boon constant and that 
it TO.S irtpossiblo to detenaine what the speed had been, ihis fact 
mkes soiTie of the results doubtf^il and some of the ccnclusioi s only 
tentative. 

The investigation vaxs Ihaitod to eipiit-inch specimen's of 2S, 17S-T, 
ajid 24S-7 aluniinxini. alloys tested in tension i-pact at x'elccitien of 
13.2 feet per second and below. 

The investigation vias conducted by the authors at the (hif gcsihein 
Aeronautical I>aboratory, Califorr.ia Institute of Technolof-y, ' asader.a, 
Calif or ’ia, during tlie period from Decesnber 1943 to 1944-, 
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A ‘is ^ ?i.s oii© or a socles or coordinatcu projects 

iTt ti^o fide’ of i^pcated tension i nact usirp tJic G\LCIT falling- 
cairri*^«~o tustxnr niachlr-e. ssentially this machine consists of a 
falling esarriajo which moves on voi'tical guides above a heavy anvil. 
Tho u;:jpor c::d of a cpoclnon is scrcrurod into tlie carria^:;© and to tiie 
Icjrser i-:d xs sc*'cn7ed a welgnt of tno doslroJ r»jass. hi tlu anvil , 
ui ner s^x oc .ber oi the carriage > is a hole throu^jh ■v/liich tlic i/oight 
t- Gpecimci may pass. Tho carriage ^ spociLix: anc woif;ht are raised 
tr.u JosiroJ hoiglit, then releasod. The carriage fails along tlio 
guide-, until it is stoppod abiniptly by the anvil. Ibo weight, how- 
ever, ca-dnuos on tlu-ouch tho hole in tne anvil and therefore exerts 
a tensile forco or tiio spocinen. A photograph of the nacliino 

is 8^0 7.1 L. rig. 1, und a oorrplcte desc. Ipbicn is given in refere. co 
^ -'*/ ^'"^rcslcy a^id Coatco, v^io dosigned the equipment. 

/ji iriJtrunGnt lzi.o\r:\ as a ’^conparator’’ ms used to place fi.ie 
soriua nurhc at xi.tcr^Tuls of one Lich alou^g iino length of the specimen 
d to *. iiX re the elongation. Tho i^.strir’ion.t consists of a stationary 
fi*are CO •^hich the spocinoii is attached, and a movable head v;hich is 
drive by a ccrea- of pitch. Attached oo tho }ioc*.d are two 

r.ooL^cs: Olio for tlio razor blade used ir^ rmJcing tho scribe lines, and 

on 5 for a r.icrosoope used ir noacuri'^i^r the eloi^gauion. The position 
o« t Id xS accaratcly xudlc' cod Irr a nicroeiotci* co^iaectod to tho 

certni S'-jaft. 
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ic K.i.-ciTK:jas uoocl wei'e irsicM'<«d iron c :»ndard bar stool: of 

t»r\d Z.. al-.niru»n a.Lt.nvs. All epocinons were oight indies 
5ct.'. tuc .. -oMldcrs, and wci-e polished to rerio'/o ru'chiiiri" 



'lie t-.«o t 03 of c. occli'.cns aoed 

■ -10 oolli-.r at :roi;;rit md. ?:ic 
■•.t!.i,bvre cr both types ax^a gi'-an in ?ig£r 
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PRncL:^^"j A T. r' i ltc 

Before the tesbj -.Tore started the inpact nac’.iinc \',xls overliaulod 
and care^lly inepeotod. i’he carria;^^ guides Trsro accurately aliiyiod 
■erith aliinia and lubricated vrith ^;raphite so tliat the carriaro noved 
freely and vrith snail play on. the guides. Tne trip latches vrero 
adjusted so that eacli latcli tri jpod at the sane heiglit# and the cam 
•was sot so as to release tJie carriare for a fall of thirty-three 
inches. 

The velocity’’ of fall of the carriage t.-us measured as accurately 
as pmcticablo mth a one- thirtieth secord spark timer and ms found 
to be, within the accui*acy of the measuring oquipnent, eq'.ial to tlio 
velocity of free fall, that is, V iigh:,' or 13,2 feet per seco d, Tiiis 
ciicck on the vclocit;^' of itill agreed with the i esults of previous 
investigators trf.o liac usod the falling machine, and it rjus thoreforo 
assvtncd throughout t!ie romai: dcr of tlic tests that the volocitg’’ of the 
carriage vias the velocity of free fall. 

It wus decided to atte ipt to chock the results obtained b^* Lee 
and Stirling, as given in reference 5, Lsinj^^ the same height of 
fhll ''thirty-three inches^, the ge’-ic (3.923 lbs. ), end the 

same tyne of specimoi. (eight inches, 17''-T), it ms believed tir.t 
anproxirmtoly the sa’~e do. gatioi a '.d nunber of in^«.cts to brcL.k would 
be obtained, fnccinc. C-1 Lo C-f) i clusivo wo’-c used for 'Jins aurp 5SO. 
‘-.\c T suits ob-ta'.icd failed to agi" o vn th tlio rosi.lts as _ivcn hi 
rcforr'-ico 5. .'ct-ially, spocinen C-3 to C-5 irolusive shonred i o 
elonpatiof aft T the fir..t six-'r.’- Impacts, finco the velocity of the 
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carria{;;o liad just pi'eviously been choclced, and since the stress pro- 
duced in each inp&ct -was quite roar the yield point of the naterinl 
it ■aias bolievod that the small amount of cold work done on the speci- 
men during the first impacts had raised the yield point sc that the 
following imrjaots ivero in iiie elastic rarge. To oheck this possibility 
static tension tests were made witii two test bars made frcci the same 
stock used for t5ie specimen. The average ultimate strength of these 
two bars was 67,250 p.s.i., TSJierejas the mxiraun strength shown for 
17S-T in reference 5 was 63,500 p.s.i. The superior strength of ■&0 
17S-T stock used in the present tests apparently ea^lained the failure 
to reproduce previous results, and it was therefore decided to in- 
crease the mss of the weight on succeeding tests. Also a chemical 
analysis of the stock being used was mdo which definitely established 
the mterdal as 17S-T duralumin. 

For the rens nder of the tests, excepting those made with 2S 
material, t\7o weights of 5,923 pormds wore used. One of those weights 
vra.3 tlaree inches in diameter aiid three inches long, while the other 
woi^fc was 1.732 inches in dianetor and nine inches long. 

To investigate the effect of weight geometry, four specimens were 
subjected to impacts xintil frt cturo occurred using a height of fall 
of thirty-tliree inches. The three inch weight was used on specimens 
C-6 and 0-7 and the nine inch weight was used on spocinens C-8 and 
C-9, The elongation was tTeasurod after each thirty impacts, A 
graph of total elongation versus nunber of in:mcts for -iaioso four 
specimens is shorm in Fig. 4. ■ Tliese curves show somewhat different 



for 'Jio tJirce iiidi woi M than for the nino inch woi jlit in 
most )f the clonfntion occurs nftor a Inrrcr ttriber of inpacts for 
t’>e la;C'>r mslriit. fho study of tho i if l\ic: co of weif-iit {jeo^aotry vfiio 
cmti^ued in Guoooedinp tests. 

Two other foa turns of these curves xroro noted. First, specinena 
^-6, v-7, and C-9 fractured in tlie fillet, with an average elongation 
at br€-ak of 0.3-11 Liohos, but opocinen. C-8, w’lidi did not break in 
’i.c fillet, shotvod an elongation of 0.781 inch at fracture. A re- 
vierj of previous tests on sinilar specinons shov/ed tiiat noarlj' all 
t!ie fiT.ctures had boon in tho fillet. Hiereforc, tl'.e C-type spccincu 
Tjas altered in that tho fillet radius ■was ciia;'.god frota l/32 indi to 
l/d inch, and a collar xvas added to the v/oigh'u end to facilitate rxirldng 
and the noasuring of the elangation. Trie ■bv#onty-'t»To succoeding 
spocinons vroro of this altered d©si?n, and only one of thOTi failed 
in t!ie fillet. 

Til© second feature noted is excnplified bji- epociraen C«8. The 
first ninety Inpacts on tiiic spocinen xvere per f one d In ono day. 

• the ^irst six'tr,' of thono the olonf^ation per kipact, or the 
slope of •tl'.c curve, xxac fairly oons'tant, but dinrinf; the nont thirty 
Inpacts •fclie curve levc c off a :d no elongation viac proclucou. Tids 
ton ’oncy of olo.\gatiai per iniact to decroase and approi’.di zero 
a-^cr a certain nurbor of i’-^cts is obvion*' in all theso cur res. 

■^>t af"tor five -iftyo elapse-’ ti:-io specino . C-S was snbjocbed 'to fur't.'ier 
ir pr etc a’-i t. e elo-yaf '_jc ■ ba'CC't ’oecane nearly cons'fcant. 

Tilth the co-vo having a sont-x7'nt increased slope. A sinilar effect 
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TOis noted in several other spocinens# aiad an invostigation of the 
effect of elapsed tine between ooriss of impacts seened -warranted 
and was undertalcen , 

Using spocinons with tJ:io l/l inch fillet radius and enploying 
■weights of both throe and nine inch lengths, tost specinens D-1 to 
D-6 were subjected to inpaots, wi-th a height of fte.ll of -thirty-three 
inches, according to the following tins schedule: 



Specimen 

■iuiaber 

D— 1 
■D-2 

D— 3 
D-4 



Weight 

Length 

9 in. 
3 

9 

3 



Time Schedule of Iiz^cts 

60 irnpao-ts every -third day, 
60 *' ” " ” 



Completed in one day. 
II II n If 



D-5 

P-6 



9 

3 



60 iropao-bs every second day, 
60 " " " " 



The results of -tiaese -tests are shown as a plot of elongation 
versus number of inpaots ir Fig. 5. Tliis graph indicated that tlie 
time in-terval bo-fcween each series of sio-by impacts apparen-bly had 
a major effect upon -{die ir'pact properties of the material. It ms 
therefore proposed to conduct similar tests to reproduce those results, 
using specinens made from 17S> T, 24S-T, and 2S stock. 

Specisi®x3 made from 2S stock y/ore designa-fced -type G, and n-umbers 
G-1 and G-2 were tested to fracture using a -weight of 1.945 pounds. 
Testing of each of those spocinons v/as cpr^leted in one day, but -they 
were tested on -two different d_ays, six days apart. Tlie data are 

A 

plo-tted in Fig. 6 -which shows tl-sat the results for the -two specinm-is 
are -widely 'different, al-though the conditions' of tho -test -were supposedly 
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tl\e sane, Specijncuc made fran 24.S-T stock •wei'O designated type F, 
end nunbers I’-l, F-2, and F-3 were tliori tested to fraoturo, cacli 
being coaploted in on© day. A graph of elongation versus nu-nbor of 
lEipaGts for those spocinens is shcRin in J'ig. 7, and again tlie ciurroa 
are incaisistcnt for no apparent reason. It appeared that soiae vci- 
accounted for paranMjter was of rnajor i' portance. 

The tests wore thereafter limited to 17S»T specimens using 
only the nine inch rroight of 5.92S pounds. Specimen C-1 was sub- 
jected to continual impacts in one day and fracture oocurrod after 
ninoty-tvJD impacts. Sepcimens b-5 oi^d D-4, tested siEdlarly, re- 
quii^d 675 and 533 impacts respectively. The slope of the crirvo for 
specimen E-1 ms nearly constant, but tlie curves for the other triro 
specimens wore horisontal over a large number of impacts. 

In attempting to explain this very erratic behavior a studj’’ ms 
made of ell tests made to date, Tlie only logical conclusion which 
could be reached was t!iat the velocity of the carriage had not been 
constant. In order to produce the rosiiltc shawn in Fig. 5 it ms 
necessary timt the velocity not only had changed, but that it liad 
clianged at just the proper tine and in the riglit amount for all six 
of tne D-type spoci cns. This was necessary in order to produce threb 
sots of tr/o specimens each in which the slope of oac’*. pair of speci- 
nono ms about the sane but clianged by largo amounts from me set to 
tire otlrcr. This cor elusion, that tho velocity had variec in this 
unforturato 'minor, which coaiclusim is still not definitely p^-oved, 
is accepted tentatively because of on inability to explain the results 
obtained 1ft any other manner. Joi atto-‘pt to show hav this conclusion 
ms reached is -iven in Fig. 8. 
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It 'KO.fi Ix-lievod lliat if Tir. 5 ooald he roi»roduc; 0 cl it itoliIJ: have 
to be done with a ','olocity of iiijaot Otoldhtg the weight at 5.923 lbs.) 
sucli tl:at a lergo nmber of inpaots would be req ired for fi-acture 
in ccae day, T!l'.c height of fall "Has thorofore progressively reduced 
on the ”r” spoclnen uatil a lo» aierg,’’ level tms reached, 

SpocljfKvi witli a dropping height of IG. 5 inches required 

Ml ir;roacbs for fractiire in ono day, and the elongation per iiipact 
was nearly constant, V/itJi tliis sane dropping height specimen F— 10 
ms subjected to sixty impacts ovc::^'- other daj’-, and F-11 ms subjected 
to sixty impacts evenr tliird day. l*ho rcsidts are sliomi in Fig. 9. 

For all three of these spocimens tho elong^.tion per iiipact was of the 
SO.T 1 C order and nearly oaastant, and the average nuribor of inpacts to 
fracture was 7T.9, The :fect that tine elapsed botiveea series of ii’— 
pacts lias iiiyy mriced effect upon olongaticai per impact ■was :'i‘ 0 W ap >arcatly 
disproved, and tlie conclusion tliat 'bhe speed of the oaiTiage iiad 
varied over a vd.de range •was tentatively oorroboratod. 

The data obtained for each specimen tested is given in ^ble I, 

The esseaitial data "fcaken vrarei tiio ■weigjit of the mass causing tlie 
impact, tho hoi^t of fall of 'this ■vroif^t, and tho elongaticK, produced 
in the specimen. It is bolio'TOd 'that ■fcrio vreij^it of the mss causing 
impact wis accurato to within 0,05 povsids, tint the hoiglit of fall 
■was acouriite to ■cd'fcliin 0,15 indi, and that ■tho elongations //ere 
rieasured to wi'thin 0.001 inch. 

A sugges-ted procedure for taking ro^ieatod ■teosion ii^^ct dab 
wi'tli the equipment available at ■tiie California Institute of 'Toclriology 
is included herevrith as Appendix B, -» 
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Di3Cj5jr.iT nr nrs 

Fir. 5 shows cun aoparont effect of elapsed tine upon the InTxict 
properties of 17S-T duralvonin, vfnile f ig. 9 shows that thor© is no 
mrlred effect. A doduotion was mdo t!iat the effect shom in Wie 
former fifturo tma due to varying ■velocities of impact. Ko'vor'tlioleGS* 
it should bo emphasised that it is i"ot definitely -liaat the 

•velocity did change during tostii-g of the D-typ© specimen, nor that 
it %ra.8 nearly constant during the testlig of spociinen ^ —9 to —11. 
rhorefore, it should not be definitely concluded tlmt •ti-"o has uo 
effect vtntil more accurate da'ba is available. It is cojicluded, haurever, 
t}«it no more investigations should be atto;uptod nith the Falling- 
CaiTiage Rcpca'ted Impact !'aohino until an accurate method of ncasurlig 
the veloci'ty of Impact is mde an integral part of the testing a >rjara- 
tus so that th'^ro will bo no doubt about tlio ixrpact velocity. It is 
also nocoEsary that, for a set height of fall, the velocity of impact 
be constant as well as accurately noasurod. Suggpetions for altera- 
tion of the mchiiio and for design of velocity measuring equipment to 
ob-fcaLn tFicso •t;;o ends are given i:. Appendix A, 

Referring to columns 0 and 13 of Table I, if a representative 
group of C— 'type specimens is soloctod and another represeu'tziti'vo '■'roup 
of t .e '-typo spocimo'' is soloctod, each group having about the same 
average number of impacts to pi'oduce failure, it is seen tint 'tlie to'bal 
elonratlo* at fracture for tlio "C” group is abo’^t 4,? porcen'i , v.hilo 
thf' tot 1 f lo-.t,' tLo;; at fr.,t.irc for the 'T ’’ group is about 14.4 
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Aotvally, the average elongation of all speciraans Imving a l/32 inch 
fillet radius \ms 4.36 percent whereas the average elongation of all 
spocinens having a l/4 inch fillet radius -sms 11.70 percent. I'racture 
of all except me specimen with the l/o2 inch fillet radius occurred 
in "ttie fillet, wiiile for the specimen \?ith the l/4 inch fillet mdius 
the brealcs wore well scattered throughout the spoejmen. length and 
only one of them occurred in the fillet. This fact is shown in photo- 
graphs presented as Figs. 10 to 14, 

Scribe marks were made witli a razor blade at intervals of one 
inch alrnig the specimen for asasuring the distribution of elongation. 
These mrks formed notches of very small radius wiiich wore apparently 
ideal stress concentration points. Throughout the tests mny of these 
marks opened up and ferried deep omoks, but in no case did the speci- 
Kwn fmeture in one of the narks. It is therefore diown that 17S-T 
is more susceptible to stress concentratioiis caused by change of 
cross-section and strain wave reflection than those cniised by small 
scribe marks. 

If a specimen is fractured in a dynamic tension test, that is, 
one tension impact, with on impact velocity of aoproxiratoly IS 
feet per second, a certain percent elongation is produced, vifiiich for 
173-T is about twelve percent. If a similar specimen is fractured 
in on endm*anoe limit test, the speoimen theoretically has no elonga- 
tion, since tlie break occurs after a very large nvsnbor of stress 
cycles , of vihich ttie maximum stress is belov/ the proportional lirit 
of the material, h'ow, if other specimens are tested in tension impact 
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so tnat t*^c nunboi' of inpexcts roq’.ired for fracture is vory largo, 
t!icn it would be expected that the elongation at fracture would do- 
croaso in procortion. This is shovn to be truo for specirvens of 
t'-pos ^ , V, anci C in ! ir. 15. The po ”ts foming ttiese curves liave 
CTisidorable scatter, and tlie points for the l>-type spcci^.en emnot 
bo correlated, but it is believed that if the velocity of the carriage 
lad been bot^i co’-ustant ard accurately lO-own that the cun'os wo^'ld hai/o 
boc. well dofired and probably of the sane slope. It is ti'^- refore 
c<^ncluded tliat tho larger the number of impacts required to cause 
fracture, tho loss will bo the total elongation at break. 

A cl<'s© irspeetion of columns 7 and 13 of Table I discloses 
tiiat tlic averaro of the total elongatio’^'s obtained with the nine inch 
weip’ht was greater then the average of the total elonf^tions produced 
by the tlu*oe inch Troij^^it. Vith nho data at imnd no similar gaiomliza- 
tion can be made concemin.g tho number of inpaots required to cause 
fracture. It is therefore concluded th>t the geometry of tlie weight 
used has some effect upon the elanr^atio'^ produced in tJiis t^^pe of 
test. ”o 'general conclusions regarding the influo^jco of Trei'dit geo- 
metry can be mdc, however, since the stress distribution alaig the 
speciner at any "iven time depends xr^?on the direct tension stress and 
tlio strcs'os caused Ir' tiie plastic and elastic vjavos. The stresses 
caused by the plastic and clastic wives denend upon the length of the 
specimen, the lorgtJi of the weight, the speed of soimd in tlie specimen, 
and tho soeod of sound in tho weight, unly o: o of tliesc paronotors. 
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nanely* bli© of ’b'nc vkis xxxrlcd in this investigation. 

It nust also bo cmsidered tlmt if a plastic or elastic mve is re- 
Ilectsd fron c‘>o v/oight and if the stress distributi alo^ g tlie 
spocinai at any -ivon tins depends nposi the stress ..s caused 0 / tiie 



nlaatic md elastic vjaves, whidi in t-ira dopoj’.d 



upon the lengtn of 



the T/eirht» then the v«.vo T/ill 00 again reflected fron t’^at part of 
the ’ns.chine idiidi is. directly attached to the upper end of tiie spoci- 
.’.on, a.nl t!ie stress distribution alcsig t-ie spocincr. at any given tiia© 
'.'ill also dopend upon the geonetry of the testing T'nchine, It can, 
ohcroforo, be co.ioludod only that vreight ge<x.'.etrj’ has stsie influence 
upon olon^.bion a;:iJ that an enact correlation of data beteee^ any 
two tests requires tltit the geoaetry of both tiic and ciie testing 

r,tt.chin6 be similar. 



In all cases aueda nore than, the average elongation per impact 
T35.S produced on the first inpact on each spcciac i. This fact can be 
seen by a comparison of the data babulated iii Table I» colunurs 11 
arid IS, Tlic elongation per inpast 'inm decreased and tended to roach 
a sanci^kit oonrtant 'naluo near sixt;/ inpacts. Tills phoaotnencti is 
illustrated graphically in Fig, 9 idio curves of specimens i-9 
•bo r-«ll. >ao to appareat •variations in impact velocity the poh'b at 
yhidi the elongation x>or impact beause piactica .ly cons'bant, \/?.s not 
c.l'ssr.ys tiic sane, It is, hcfn'over, expected tliat in ar.y repeated 
tsnsim Impact teat the elongation on the first iir.pact 'fill be 
larger t!ian the average olongatioi. per iniiact. The explanatior. 
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for thii phenomenon in bi.sed upon tne i.-sumotion tht.t Ihe lo'dinr >-na 
unloiding of the epeciracn on ruccefsive iap^Cos is Lonp lines o^'r^llel 
to the init_ 1 nlo^e of tlic streo'--otr in curve. Ihir rcruLts in 
•n incrtrre in the yicla point of the anteri'.! with the incr^fse in the 
,erm nen- .'et of Uie.ar.teri 1. 's f result of this incr^. in the 
yield Joint the soecimen -bsorts elf Stic? lly f pro ter jrercfnt of 
the iot'i en^rfy ''vj ile.blc. Therexore Ujere is ler:o energy =v;iUble 
‘'or plf. otic -efonnetion c.nd less elongation per itay<..ct, .• r soon s 
the dong tion of d.e epecimen is such that, when lotding .'long e 
line ■>. r llel bo tne initid elope of the strese-str in curve, e. 
point on tne etr- ss-str in curve ir re-iched which is close to the 
ui liar to str:S‘j the increeec ptr inpf-ct in the yield ooint becomes 
very ois 11 cjno. uhc cion gi tion per iapect tends to become const? nt» 

It is to be noted thi t this phenooaenon i;. moot ? pp<'rsnt vben the 
number of Inpsctr r cuired to c'use f/ ilure is itrre, Tnis ic true 
bec..Uf ( t.ie ..rcent-- gv. change in the pi? stic ener '7 .er impjct is 
Ir rre . 

The f.'Ct L.fct !io.ot of the tef t? in the e? rly * rt of th<^- In- 
v^riig'tion net completed in one d y, nor recording to 'ny 

org-Lii.ed time rch'‘dale, v.' s oue to rrrc..ent failure of tne testing 
m-C i.ne. io^" of tin in ce rru. tions ' (■'t c u:ea by ’ tigiu ilure 
of b'^'lls bo.ding fjfc or rr.. fc reboind l. tche;-. 'i.'i. aiihied ty s 
e' -c'ivti^ •limin tcc, tie mctiod jsed bein" (xrc..-;xc in I i, 

hrou.-nout 1 l thv le c ♦i-de . iln t'le ‘ iiiri- c. rrl g* a-cninc, 
bot'- in this inv- 'tii ti^n nd t’- ‘■e diccu etc in r^fr rices, 
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betiding of tho H-ecimcn h^u occurred. Stirling uid uee : ttf-a t.;=d 
to ellain? te this f.-ult vdth the equipment by iruat' lling c b-, 11 nd 
socket joint between the cr.rriege ?nd toe eoecimen, ro to t V'c 
specimen end weight would mng free >vitoout -ny 1; ten 1 rcctr' int. 
Bending oersisted througraout the -;ree.;nt inveatip; tion, nd ii. is 
the opinion of the authors tint this bending is c used b}' conrr-L c'^ion 
buckling of toe specimen when the weipnt rebound?. 

An inspection of column 10 in conjunction with the rero inder 
of I'rble I shows tfut tot buckling h> ? no consist.- nt effect. Th. t 
is, ' smr-11 f mount or ; 1 rge t mount of buckling cennot be corrtl ted 
with smell or le rgr tot. 1 elonge tions or impecte re uirtu for fr coure. 
It is toerefore- skted th. t the effects of bending of ine ceecimen 
upon tension imoect testing, if there ere rny effect.', e re unkno'^-n. 

't eny rote, the bending forms enother \inknoivn end .should be Glir.inf.-ted 
in order to reduce ts f-.r ts possible* the number of r; meters. 1 
suggestion for impi'oving toie ch- re cterir.tic' 'of the c'-uioment is m. de 
in /o'enclix / . 

figs. l6 to 25 inclusive ere ..ire-sen tec to sho-. toe dietribution 
of elongation of cueclmen tested. Ihie dirti'ibuti-on is 

similar to th? t presented in reference 5 in th t toe gre.- tect u.iit ' 
elongr.ti-on occur.? ne> r the ends of the specimen. !■ clore e.\, rain; tion 
of there curves of di.etribution of elongation, of tne ." ecimen sub\.ctec-. 
to iir.pe ct ‘.vith the nine inch weight tnd those subjected to iai .-act v.iih 
the throf inch veighl, .toow?. th- t the gre ter tot; 1 elong*,c.ion ft 
bre.'.k rhov.n by all ?, eci.nias subjected to impact >lth the nint incl. 
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ir c rc wi.t oi‘ Jic ; ro lev unit u]ohrt.i'->n in t"c c<ntr<l 
-•"rtion o'" v}"o / 'cci:npn. It in t'^Iicv^c t tnij i .* t 

t'Tt er. nee In t'lc *.i;.e o'" the re ’'^lection of the : Ir in v. wr: with 
fif tfiTee inch nc tiie nine inch .vei.^htn. 

Tne rUtic etr:r tr- in ch terintics of the teri Ir un*d 

Jurinfc- Jif conouct cf in\eeti'; tijn ' I'e eho n in Ti/, ."f. 

-'n ^ner^*:;}’ :n. Ijrir of the di t t*htn durinp thi^ invc - 1 tio' ticn 
ii in ib^'c ^ec'uee the eutv^y :v:il^ble to the : .eciraen ir not 
kno<>n to r-i cone.blt /. ccucicy <• nd If it -ere hno' n ruch tu LwAynin 
rtil^ be i.:i,-.cceibie' bt.c. use tiie re.Lio of uno .1^ <-tic enerry ^ er 
ia v.ct to the el^rtic cnerpj^ pe-r iui^fCt ie zo th.' t titc errors 

in\olvcc in det. rmininp the lew^tic enerpy' er i : ct ere aiuch Ic rrer 



h r n th e c u/ n ti ty to b e :a eo en red 
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CONCLUSIONS 



1. It is necessarj’ that !.n « ccun te .>nd r; 'id aiethiod of deter- 
mining the velocity of Impact be meoG r.n interr; 1 pC rt of the re- 
ported tension imp? ct ter- ting eniipment, 

?, The Ff.lling-Cerriftge Tension Imprct -Machine ehnuld be- 
modified in wht tever nunner ivr necesscr^’ to make the velocity of 
imprct constant on successive impacts from f constant height. 

3. The gecm&tty of the .' eij_;ht used in this 'e of tc- t .la s 

£0 ae effect upon the elong» tion produced in 'the specimen. Other con- 
ditions being the s; me, t i-.eight nine inches long produces more 

« 

elongation than the F?me weight three inches long. 

4. 17S-T duralumin is much more susceptible to stress concen- 
trations crupeu by change o in cross-section then to those caused by 
srftell scribe v.a.rks. 

5. In te-stvS of the type conducted, the elongation of the specimen 
at fra.cture is inversely proportiona.l to the nuaaber of iic'acts re- 
ouired to produce fracture. 

6. ’Hheu the number of impacts is small the fr. cture of the soeci- 
raen is a, ccomprnied by considerable necking and is of the cup and- cone 
tyre, vheref. s, uhen the nuaaber of impacts i.o large, the ^racture is 

of the fa tipae type Viiithout any necking of the specimen. 

7. >Vben the number of impacts to CMise fr .cturt? is large the 
elongation per impact is much larger during first fe-. impacts 
than the fver-.ge elongation caused by r.ll the impacts. 
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-5. T'-'f 3 ’it.ld oint o’‘ the •.> t< rinl iricr s-.c by colo Krkin.j’ 

jur^n* tfr.fdon i.rr.; ct U-tin£ < nc’ iiiri inert; r*' in the yield o^- .nt 
re. ul in ti inert in zra nunber of ieio;ct: to c. ure- f'i'urc. 
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rucGiTTiD ii 3 rnr D'TiGJ 

OF m 

F/LLISG-CFR:a;GT PJ ;':- .. TfD Tnifl''-; 17?. CT 



The follov.’ing su^:e£'-^tionr^ i re offered fS deoireble r^pr"!ve;ien ts 
in the design of the Falling-Cferrif f;e Reverted leriKion lr.ptct ,'r chine 

1. Instv'dl four rollerr on fll trif'gcr.':-. 

2. Increcf the length of the triggerr 3'^3” in order th' t the 
crrrii.ge .-n-'y be picked u;; o\-er the center of gravity of the cr rri p/ , 

3. If item 2 is carried out the slot in the cr rri mart be 
.•silled to cccornodete the incre-are in the trigger length, 

4. Increa e the si^e of the bras.n slipper ctuc3s to the next 

st'ndrrri and secure the studs -ith tn efficie'it lock ar rher. 

(The size of the studs .• t resent instrlled is 3/l6''.) 

Remove the stud La the center of tho br; ss sli'pcr, ( ihi.=^ 
stud ernnot be seen vdth the cirriego inst.-lled.) 

6. In place of the stud referred to in item f, instill r. bolt 
through the carriage and the back of the slioper. 

7. Increaise the depth of the back of the sii''pa.r to a-cccrnaoca te 
a bolt the sa..'ne si^e s the sli'per .studs. If the increase in de th 
is considered necessf r>’ to excommoda be Lhe bolt, nc.'. sli ;per? mu.st 

be manufactured. 

3. If item 7 is carried cut the c; rri- go must be milled to 
a cco‘.n;iiod.' tc the ne. slipjcrs. 






9. Bevel u ,er nr! lc'*er of the •*'11'" r . 

10. In:t 11 wlu ‘xi^ctric XiOtor cn .n pcr:n nent .xountinr br c:et. 
f'c f. Hurt of Lie bolt holding tru c rri^ ge rcbotjnc 1 tebrr 
-.L3 cli.ain. uco by inrtdlLn^^ f '3^’ recured '.dth set oerew.:, in 

ce of the l/2’^ bolt'. 

•It is considerc'd .'nrnd^ tor; 'the t tlie inst: Hr lion of the velocity 
:nei 3 uring eru^ nient be co-ij.leted before .ny tdditiuncl invrr tig* ti' -n 
is :iede nith the subject .otchine. L sug'^erted Fyr:t‘-T» ir sbo .n in 
fif. ''7- 

It is rcccTinenCeci thrt the fir t ette:a'‘t to cii^iinr te the buck:ling 
probleTi be larde by ^ decree rc in Uie length of the sottcirnen. ?nis 
’''ill result in p dccretse in the slenderness r? tio rnd r deev^rre 
in the tot?l e.nerry rvri\ble for the ’roduction of r co •: rcOw^^ive 
^orce. Eoth of the.c effects vdll tend to eli^iin; the bucbllng. 

it con.-idered thrt tee coarrersive .^orce Must be eliiainr led 
cntir^l:, it ir recomnendec, es r 1- r>t resort, th; t ^ buf.'^er xicch-^nirm 
^inilrr to the recoil ^ nri counter- re coil mejoh. nis-n on e run tr in- 
'•'t lied between the r^ccimen * nd the Cirrir -"^. lair is r^'co.r.'xuidcd 
'c c li r. t resort because ' ny invOtHlrli.n on the c* rrinj^e Is ^xiothcr 
c'urcc of trouble. 
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> . .' ' riDiX B 

f?UGCiSIi:NC FOR 'I/XIliC .■COx.iri' iEJFION l:x?;CT rvi;, 



rne follovvinf" suggestions ore offeree to future inve.- tigotors 
in order tlxat tlie ti::e vu sted < nd the aist. kt f a- ce by tJie .^rosent 
authors mjy be ellaine ted in succeeding inveatigr.ti -ns: 

1. yirant.- in n watch on Liie testing ax chine i t all tiaes ivhen 
it is running. It ;n-y go through 93 cycles caioothly and J?a on the 
9'>th. 

2. }.fake sure the counter reads :ero before beginning y series 
of impf cts. 

3. Ccrew the upper end of the speciaen into the cjrriige, 
i nd then scre»- Uie weight on the lower end of the rpeclaen. 

4. v-hen both ends of tiie; specimen are scrsv.ed home, beck off 

e cuarter of : turn on both etids. Xhi.s greatly lessens the difficulty 
of removing the short end of e frfcturcd s ecirjen -hen the bre k 
occurs very near one end. 

5. Keeo the project notebook handy i t ill times tnd enter in 
it ever}" bit of available data even though it i.pjcers irrelevint. 

It is ruggci ted that the beck of tiie book be used for recording df ti. 
taken, instetd of using dcvta sheets. 

6. If f- shipment of me tt rial is received which is to be used 
in aenufi-cturing specimens obtain and record in the notebook ail 
available infometien concerning the stock ;-nd pi.' ce identifying t; ps 



on the rbock itself. 
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7. ChecK the ci._..cter of 11 SJCGlatns '..iL’i aicrvJiet^r c* 1 1 prr, 
•?. To mf.f 'urt the heir'.it of Cill of the c rri. pc rl? ce r rr.;ll 
U-<-h. c .r.ct-1 cli, :.round the c^ide r:ilr. ebove the cerri^rc. roe- 
cfrri. pe --ill -lide thif^ c^i . -lonp the ^-juicier to i'tr hiphe' t ..ositi-n 
;nJ then dro rro.ci the- cli,' .hich then p’.io'vg the hipheet ooint 

of bit to.; of the c.-rri pe. 



9. Check tie velocity, of ct fr^'c ucn tl:, to see th.-t it ro- 



ne in c c^vnetint. 

10, In uri.ir the co .per tor, do not let the h;nd or . ny other 
*.-c.ir'->t touch the fr'.ae to v^hich the r ecinen it ftt-'c’.ied or the 
Tiicrorco.’''-. 

11. In a- rkinf.; tiie rveciacn, i.-ke Uie ecribe linef; very lirht. 
lathis in oroof*rly done thorr ..ill be no ff iiurec in the ecribe 

rks. 

If. i'ftc-r -N- rking the c,ytcinenG check the 'otiti ms of Ujc scribe 
T.. r:s ■ ith the .aiCTOscooe, end record tiie tctu. 1 pcr.iti nr. of the 
rcf rithrr t;; n the inUnded positions. 



13. In rccdlnj elongc ti-ns c.i-.-<y5 bring the licr^'^fco e cro.m- 
hc,ir. u to e! c.-. serroc line fran .me directi n. 

14. In focusing the- niicronco^ e :li«?yo n/ ke the If-. t noveaent 



in the dc*.nv,frd direction 
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1 


2 


3 


4 


REPEA’ 

5 


TED TEI 
6 


'4SI0N IMPACT Di 
7 8 


^TA 


9 


10 




II 




12 




13 


14^ 


SPECIMEN 


mat'l. 


SPECIMEN 


FILLET 


HEIGHT 


WEIGHT 


LENGTH 


IMPACTS 


LOCATION OFBREmK 


BUCKLING 


total ELONGATION 


TOTAL ELONGATION 


total ELONGATION 


SPECIMEN 


NUMBER 




LENGTH 


RADIUS 


OFFALL 


LBS. 


OF WT. 


TO 


INCHES 


PERCENT 




FIRST IMPACT 


SIXTY IMPACTS 


BREAK 


NUMBER 






INCHES 


INCHES 


INCHES 




INCHES 


BREAK 




OFUNG'H 




INCHES 


PERCENT 


INCHES 


PERCENT 


INCHES 


PERCENT 




c-i 


I7ST 


8 


'^32 


33.0 


3930 


2 


166 


8.17 


98.8 


NO 


0.0J7 


0.21 


0.105 


1.31 


0.182 


2.28 


C-I 


C-2 


I7ST 


8 


1/32 


33.0 


3930 


10.65 


91 


8.05 


99.0 


NO 


0.013 


0.16 


0.060 


0.75 


0.097 


1. 21 


C-2 


C-6 


I7ST 


8 


1/32 


33.0 


5.923 


3 


266 


003 


04 


MODERATE 


0.009 


0.1 1 


0235 


2.94 


0.300 


3.75 


C“6 


C-7 


17ST 


8 


1/32 


33.0 


5.923 


3 


331 


8.40 


99.2 


II II 


0.008 


0.10 


0.133 


1.66 


0.372 


4.65 


C 7 


C-8 


I7ST 


8 


1/32 


33.0 


5.923 


9 


266 


8.60 


96.0 


II II 


0014 


018 


0.088 


1.10 


0.781 


976 


-W r 

C-8 


C-9 


I7ST 


8 


1/32 


33.0 


^^3 


9 


207 


834 


988 


7T ~ n 


0.015 


0.19 


0.125 


1.56 


0349 


4.36 
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1 






— 






0-1 


I7ST 


8 


1/4 


33.0 


5.923 


9 


117 


0.73 


7.9 


NO 


0.018 


0.22 


0.267 


1 3.34 


1. 181 


14 80 


D-| 


0-2 


17 ST 


8 


1/4 


33.0 


5923 


3 


134 


0.60 


6.6 


SLIGHT 


0015 


0. 19 


0.247 


i 3 06 


1.080 


1 13.50 


0-2 


0-3 


I7ST 


8 


1/4 


33.0 


5.923 


9 


675 


1.02 


11.2 


‘ ll H 


0.014 


6.18 


0.098 


1 1.23 


I.XT68 


13^35 


0-3 


0-4 


I7ST 


8 


1/4 


33.0 


5.923 


^ 3 


538 


8.08 


97.1 ’ 


II II 


0.024 


‘ 0‘30 


C.206 


2.60 


0.306 


, 3.82 


D-4 


0-5 


I7ST 


8 


1/4 


33.0 


_ 5._92_3 


9 


_584__ 


8 66 


_ 9^5.5 


_N0 


0.017 


1 0.21 


0.827 


2.84 


1 050 


1 13.12 


0-5 


0-6 


17ST 


8 




33.0 


5.923 


^ 


i8j 


J.29 


_ 94.5 


NO _ 


0TO22 


0.28 


0.291 


' 3.64 


0.7701 9.62 


— 
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i 

1 

i; 




1 




E- 1 


I7ST 


8 


1/4 


33.0 


^5.923 


9 


92 


6.58 


6.4 


[severe 


1 


0.637 


7.96 


1.098 


13.70 


E-l 


e-2 


I7ST 


8 


1/4 


31.4 


5.923 


9 


77 


8.24 


89.0 1 


NO 




0.969 


12.15 


1.249 : 


! 15.60 


E-2 


E-3 


I7ST 


8 


1/4 


33.0 


5.923 


9 


95 


1.50 


16.0 1 


NO 


1 

1 


0.871 


10-90 


1.357 1 


1 16.95 


E-3 


E-4 


17ST 


8 


1/4 


34.5 


5.923 


9 


47 


3J6 


34.2 j 


NO 


1 

1 

1 

1 


r 

1 






1220 


1525 


E-4 


E"5 


I7ST 


8 


7/4 ~ 


31.5 


5.923 


9 


86 


762 


85.0 1 NO 






0.895 


11-20 


1 

1.204 


15.05 


E-5 


E-6 


I7ST 


8 


1/4 


2676“ 


6.923‘ 


9 


98 


0.50 


5.6 i 


MODERATE 






0.495 


6.20 ’ 


0968 


12.35 


E-6 


E-7 


r7ST 


8 


1/4 


21.6 


5923 


9 


141 


0.46 


5.0 


NO 






0.600 


7.50 1 1.160 


14.50 


E-7 


E-8 


I7S7 


8 


1/4 


>9.0 


5.923- 




424 


8.42 


1 

93.7 1 

1 


SLIGHT 






0.373 


4.69 


0.968 


12.35 


£-8 


E“9 


I7ST 


a 


1/4 


16.5 


6923 




84r~ 


2.lV 


25.1 1 


NO 




• 


0.150 


1.88 


0.490 


6.12 


E-9 


E-IO 


I7ST 


8 


1/4 


16.5 


6.923 


9 


618 


4.3(T 


“50^ 


MODERATE 






0.199 
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Fig. 1 Falling Carriage Tension Impact Ikohine 
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Fig. 10 C Specimens After Fracture 
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Fig. 12 E Specimens after Fracture 




Fig*, 13 D Specipens After Fracturo 
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